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Introduction
Luminescent nanomaterials have been used in wide range of fields, including gene transmission, drug carriers, bioimaging probes, chemical sensors, and analytical chemistry [1] . Fluorescent nanoparticles, known as the famous luminescent nanomaterials, have evoked intense interest in recent decades owning to the emergence of new fluorescent nanoparticles, such as semiconductor quantum dots, graphene dots, carbon dots (CD), etc. [1] [2] [3] Carbon is one of the abundant elements in the universe with various allotropes. Carbon-based nanomaterials, (i. e. graphene, fullerenes, nanodiamonds, carbon nanotubes, CD, etc.) have large specific surface area and plentiful surface traps. In particular, CD are one of burgeoning fluorescent nanomaterials, constituting a class of nanosized particle which generally refers to photoluminescence (PL) carbon nanoparticles less than 10 nm in size [4, 5] . Such materials are undoubtedly accepted as a promising candidate for a variety of applications. Typically, they have sp 2 and sp 3 hybridized carbon-layer structures and can keep oxygen in the form of various oxygen-containing species, such as hydroxyl (-OH), carboxyl (-COOH), and aldehyde THERMAL SCIENCE: Year 2019, Vol. 23, No. 4, pp. 2453 23, No. 4, pp. -2459 (-CHO) functional groups, on their surface, thus imparting them with good water solubility, excellent biocompatibility, high conductivity, photochemical stability, and suitability for subsequent fabrication with various organic, polymeric, inorganic or biological species [6, 7] .
The unique properties and surface structures of CD mainly depend on the preparation methods and precursors used for synthesis. Therefore, the preparation with appropriate carbon precursors and methods is the key issue, which should be considered to improve their properties [8] . Hydrothermal method, known as hydrothermal carbonization, is regarded as the irreplaceable and efficient technique for forming the CD. Its main reaction principle is to take use of high temperature and pressure to overcome the limitations of raw materials and drawbacks of undesirable yield. In addition, compared with traditional preparing approaches, hydrothermal method is friendly to the environment and can lead to the surface functionalization by introducing functional groups, significantly enhancing the stability and biocompatibility of formed CD [6, 9] .
Experimental

Materials and reagents
Citric acid monohydrate and urea were supplied by Sinopharm Chemical Reagent Co., Ltd, China (SCRC). High-purity water from ULUPURE pure ultrapure water/water system was used throughout the experiments. All other chemicals were of analytical pure grad.
Preparation of CD
In this paper, citric acid monohydrate/urea as precursors were co-carbonized to synthesize highly bright CD via a facile green route of hydrothermal method. In a typical process, certain concentration of citric acid monohydrate and urea were dissolved in 40 mL high-purity water. After stirring, the mixture was transferred into a Teflon-lined stainless steel autoclave and maintained at a constant temperature for several hours. Then the solution was naturally cooled down and centrifuged at 12000 rpm for 20 minute to eliminate the residues. Finally, the supernatant was stored at -4 °C for further use. A single factor experiment was employed for a better understanding of the processing parameters effect on the PL intensity of CD, including temperature, time, the concentration of citric acid monohydrate and urea. Table 1 presents the factors and their levels of single factor experiment. 
Characterization of CD
Fourier transform infrared spectra (FTIR) was accomplished by Thermo Nicolet IS10 spectrometer in the scan range of 4000-500 cm -1 using KBr pellet method. Fluorescence spectra of liquid sample was performed by FS5 Spectrafluorometer (EDINBURGH IN-STRUMENTS) at room temperature. The UV-visible absorption spectra was recorded on Thermo multiskan GO in the wavelength range from 250 nm to 700 nm. The crystal structure was identified by a Brukey SMART APEXII X-ray diffractometer (XRD) using Cu Kα radiation with a scanning rate of 5° per minute in the range from 10° to 80°. The surface composition and chemical states were analyzed by X-ray photoelectron spectroscopy(XPS)using Thermo ESCALAB 250XI with a base vacuum operated at 300 W. High-resolution transmission electron microscopy (HRTEM) measurement was carried out on a HITACHI H-8100 electron microscopy (Hitachi, Tokyo, Japan) with an accelerating voltage of 200 kV to characterize their morphology and distribution.
Results and discussion
Optimum parameters for CD preparation
The proper synthesis temperature, the time, the concentration of citric acid and urea are the key factors in the synthesis of qualified fluorescence CD.
Synthesis temperature predominantly determines the formation status, the carbonization degree and the PL behavior of CD. Figure 1(a) presented PL intensity of CD achieved by using various synthesis temperature (160-200 °C) while maintaining other synthesis parameters the same. As can be seen in fig. 1(a) , less CD were formed at lower temperature in synthesis process at the initial stage, since low synthesis temperature may lead to slow formation rate of CD and carbon core, which in turn affected their PL intensity [10, 11] . When the synthesis temperature reached 190 °C, a stronger intense PL spectrum appeared due to the dehydration of citric acid-urea. If the synthesis temperature were controlled below 190 °C, an enhancement trend of PL intensity would be observed. CD surface groups, i. e., pyridine derivatives, are intrinsically relaying on the solvent and can form H-bonding interactions. Therefore, surface groups are susceptible to establish the relations through intermolecular H bonds [12] . Moreover, such intermolecular H-bonds are more sensitive to temperature than the intramolecular H-bonds. Under higher thermolysis temperature, the intermolecular H-bonds between NH groups and water molecules become weakened, leading to the slow burning of the surface-bounded N (amide) and the creation of intramolecular H-bonds. Further, the hydrothermal temperature play a vital role in controlling the surface passivation with heteroatoms and generating intramolecular H-bonds with fluorophores (in different structures) and surface groups [12, 13] . Figure 1 (b) displayed the dependence of PL intensity of CD on the concentration of urea. The PL intensity increased linearly with the concentration of urea in the range from 0.25 mol/L to 1 mol/L. However, the curve exhibited deteriorating trend when the concentration of urea reached 1.25 mol/L. The highest PL intensity was obtained under the urea concentration of 1 mol/L. This exception can be explained that a higher concentration of urea might provoke the increase of modified -NH 2 group (primary radiative PL centers) and the decrease of oxygenated functional groups (non-radiative PL centers). Subsequently, the PL intensity of CD with different reaction time was presented in fig 1(c) . The increase of reaction time appreciably affected the fluorescent property, which might accelerate the nanoparticles formation. However, such trend was not compatible with the PL intensity at 22 hour since the overlong reaction time might cause excessive carbonation and result in the reduction of oxygenated functional groups, thus lead to a lower PL intensity.
The concentration of citric acid plays a key role in synthesis process. Figure 1(d) presented the PL intensity of CD in response to the concentration of citric acid under the fixed condition (temperature: 190 °C, urea: 1.0 mol/L, time: 18 hours). In the certain concentration scope, higher citric acid concentration led to greater PL intensity. On the contrary, lower PL intensity was observed when the citric acid concentration reached 0.375 mol/L, which might be attributed to the re-absorption of CD at the superfluous citric acid solution [13] .
Figure 1. The PL intensity of CD with different parameters; (a) synthesis temperature, (b) concentration of urea, (c) reaction time, and (d) concentration of citric acid
Property of CD
As shown in fig. 2 , FT-IR spectra of CD exhibited an extremely broad band at the range from 3100 cm -1 to 3500 cm -1 corresponding to the stretching vibrations of O-H and N-H. Besides, the vibration peaks of C=O (1640 cm −1 ), C=C (1580 cm −1 ), C-N= (1410 cm −1 ) can also be observed, suggesting the presence of large number of hydroxyl groups, carboxylic and amino groups on the on the surface of CD, which made CD be convenient to couple with other groups and therefore can greatly extend their application in the future.
The CD generally have a strong absorption under the UV light. The typical UV-vis absorption spectra and PL spectra are portrayed in fig. 3 . The CD displayed a broad absorption in the range 250-300 nm with a reduced intensity absorption extending into the visible light region. The absorption spectrum showed a peak at around 270-300 nm, which was mainly ascribed to the π→π* transition of C=O. The absorption from 300 nm to 400 nm may arise from n-π* transition of surface C=O and C=N bonds, respectively. Meanwhile, the CD gave rise to high photoluminescence with a maximum value at 475 nm by excitation at UV light. The XPS was conducted to further delve the chemical bonds and functional groups of synthesized CD (as shown in fig. 4 ). Figure 4(a) presented the high resolution C1s spectrum of, where the binding energy peaks centered at 284.5 eV, 285.3 eV, 286.2 eV, 288,2 eV can be attributed to sp 2 and sp 3 carbons (C=C/C-C), sp 3 carbons (C-N) and (C-O ), carbonyl carbons (C=O) [14] . In the high resolution N1s spectrum, fig. 4(b) , the binding energies of C-N-C and N-H were located at 399.6 eV and 401.1 eV, respectively. The high resolution O1s, fig. 4 (c), fitted into two main peaks at 531.3 eV, 532.8 eV, were corresponding to C=O and C-O [15] . Typical XRD pattern of CD is shown in fig. 5 . The curve reflected a broad and strong diffraction peak centered at about 2θ = 22°, which was assigned to highly disordered (002) planes of graphitic carbon [16, 17] . The TEM was recorded to demonstrate the microstructures of CD, as shown in fig. 6 . According to the TEM image, synthesized CD display spherical-like uniform shape and disperse well.
Conclusion
We systematically investigated the impact of operational parameters for synthesizing the CD using single factor experiment, including the synthesis temperature, time, the concentrations of citric acid monohydrate and urea. The PL intensity was adopted as the response value to evaluate significant factors effecting on their fluorescent performance. It is found that the best fluorescence performance was achieved when the synthesis temperature was kept of 190 °C, reaction time of 18 hours, citric acid monohydrate of 0.3 mol/L as well as urea of 1 mol/L. Notably, synthesis temperature obviously affected the property of CD. Under the optimized conditions, the synthesized materials exhibited noticeably superior luminescent property. In addition to the strong PL intensity, results from FTIR, XPS, as well as other tests demonstrated that the prepared CD consisted of carbon, oxygen, and hydrogen elements. The functional groups on the surface, i. e. hydroxyl, carboxyl and carbonyl, would provide great potential for novel applications in photocatalysis and energy conversion in the near future. The CD based nanofibers by bubble electrospinning or electrospinning [18] [19] [20] [21] [22] [23] [24] [25] have received considerable attention due to their outstanding optical and catalytic properties, and the reaction equation can be easily solved by Taylor method [26] . 
